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(54) Title of the Invention: WATERPROOF MOISTURE-PERMEABLE SHEET 
(57) Summary 

Object; To provide a waterproof, moisture-permeable sheet composed of a reinforcing 
base that has been laminated with a porous polyethylene film without substantially 
altering the moisture permeability and water resistance of the film. 

Constitution: A waterproof, moisture-permeable sheet obtained by heat pressure 
bonding, at a pressure bonding surface area ratio of at least 4%, a porous polyethylene 
film of excellent moisture permeability and water resistance which is composed of 
polyethylene [sic], has a thickness of 5 to 500 ^m, and has a porosity of at least 30% 
with a nonwoven fabric composed of bicomponent fibers wherein polyethylene serves 
as the sheath component, fiber-forming polyester serves as the core component, and the 
ratio in percent of the polyethylene sheath component to the fiber-forming polyester 
core component is fi-om 20/80 to 80/20 

Advantages: Because the porous polyethylene fihn serving as a component of the 
waterproof, moisture-permeable sheet of the invention exhibits sufficient tensile 
strength and tear strength without undergoing any substantial loss of moisture 
permeability, the inventive sheet is easy to handle and is even dyeable, making it 
appropriate for use in a broad range of applications, including house wrap and other 
construction materials, apparel, and packaging materials. 
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SPECIFICATION 



Claims 

(1) A waterproof, moisture-permeable sheet obtained by heat pressure bonding a porous 
polyethylene film with a nonwoven fabric composed of heat-bondable fibers having a 
polyethylene sheath component. 

Detailed Description of the Invention 
[0001] 

Field of Industrial Use: 

The present invention relates to a waterproof, moisture-permeable sheet 
composed of a porous polyethylene film and nonwoven fabric. 

[0002] 
Prior Art: 

Porous polyethylene fihns are used in many applications, including separators for 
batteries, electrolytic capacitors, various types of filters, and waterproof, moisture- 
permeable apparel. Methods hitherto used to produce such porous polyethylene films 
include a method in which a polyethylene shaped body containing a foreign solid is 
subjected to strain such as elongation that causes pores to form between the foreign 
solids; and a method in which a finely divided powder composed of a different polymer, 
for example, is microdispersed in the polyethylene, after which the pore-forming agent is 
extracted. 

[0003] 

Problems to be Resolved by the Invention: 

Porous polyethylene fihns obtained in this way do not always have a satisfactory 
strength. For this reason, it is conceivable to laminate the porous polyethylene film tQ> a 
suitable porous base of considerable strength so as to compensate for the inadequate 
strength of the fihn while retaining its excellent moisture permeability and other 
properties. When adhesion is carried out using an adhesive as in the prior art, the pore 
size and porosity of the porous film change, preventing a waterproof, moisture-permeable 
sheet of satisfactory moisture permeability from being achieved. Adhesion processes that 
employ embossing rolls, calender rolls or the like to thermally fiise the porous 
polyethylene film to a strong porous base of nonwoven fabric are also widely used. 
However, this approach has its drawbacks. For example, thermal fiision of the film with 
a polypropylene nonwoven fabric compromises adhesion. The use of a polyethylene 
nonwoven fabric does make it possible to achieve good adhesion with the porous 
polyethylene film, but the strength of the nonwoven fabric declines on account of thermal 
fiision, depriving the laminated moisture-permeable sheet of an adequate strength, 

[0004] 

The object of the invention is to provide a waterproof, moisture-permeable sheet 
which is endowed with excellent strength without substantially altering the moisture 
permeabihty and water resistance of the porous polyethylene film therein. 
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[0005] 

Means for Resolving the Problems: 

The inventors have conducted extensive investigations in order to achieve the 
above object. As a result, they have found that by heat pressure bonding a porous 
polyethylene film with a nonwoven fabric made of heat-bondable fibers, outstanding 
strength can be imparted without compromising the excellent moisture permeability and 
waterproof properties of the porous polyethylene film. This discovery ultimately led to 
the present invention. 

[0006] 

Accordingly, the invention provides a waterproof, moisture-permeable sheet 
obtained by heat pressure bonding a porous polyethylene film with a nonwoven fabric 
composed of heat-bondable fibers having a polyethylene sheath component. 

[0007] 

In the practice of the invention, the polyethylene used in the porous film and the 
polyethylene used in the sheath component of the heat-bondable fibers can be produced 
by any commonly known method. The polyethylene includes also other alkene polymers 
in which a small amount, and preferably at most 5 mol %, of one or more suitable 
monomer (e.g., propylene, butene, pentene, hexane, 4-methyl-l-pentene, octene) has 
been copolymerized. The polyethylene may be mixed with preferably at most 25 mol % 
of one or more other polymer, particularly an alkene polymer such as polypropylene, 
polybutylene, or propylene copolymerized with a small amount of ethylene. The 
polyethylene may additionally include also conventional additives such as stabilizers, 
colorants, pigments and fillers. 

[0008] 

The porous polyethylene film used in the invention is produced by a known 
method. The method may be one in which polyethylene is extruded in the form of a fihn 
at a suitable melting temperature, then stretched at a temperature of not more than 104^C. 
While the film is in a state of tension, it is allowed to undergo maximum relaxation and is 
heat set or aimealed at 100 to 135°C to confer the desired stability. To obtain the porous 
polyethylene fihn, foreign solids are microdispersed in the polyethylene. Examples of 
the foreign solids include inorganic salts such as calcium carbonate, magnesium 
carbonate, barium carbonate, barium sulfate and calcium silicate; oxides such as titanium 
oxide, calcium oxide and zinc oxide; hydroxides such as calcium hydroxide and 
aluminum hydroxide; inorganic fillers such as kaolin, talc, silica and glass beads; and 
organic fillers such as phenolic resin, acrylic resin, polycarbonate resin and polyester 
resin. The composition is then melted and formed into a film, which is then oriented. 
Orientation separates the boundaries between the foreign solids and the polyethylene so 
that pores form, thereby giving a porous film. 

[0009] 

The nonwoven fabric used as the reinforcing base is composed of heat-bondable 
fibers in which the sheath component is polyethylene and the core component is a fiber- 
forming polymer having a higher melting point than the polyethylene serving as the 
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sheath component. This nonwoven fabric may be made of heat-bondable staple fibers or 
may be a filament nonwoven fabric, 

[0010] 

A preferred example of the nonwoven fabric is one composed of bicomponent 
fibers wherein the sheath component is a linear low-density polyethylene made of a linear 
low-density copolymer of ethylene and 1-octene in .which the content of t-octene is 
substantially 1 to 10 wt %, and the core component is a fiber-forming polyester. The 
relative proportions of the linear low-density polyethylene serving as the sheath 
component and the fiber-forming polyester serving as the core component are preferably 
20 to 80 wt % of the linear low-density polyethylene and 80 to 20 wt % of the fiber- 
forming polyester. Preferably, the nonwoven fabric is produced by heat pressure bonding 
a web of the foregoing fibers with embossing rolls at a temperature 5 to 30°C lower than 
the melting point of the polyethylene and at a pressure bonding surface area ratio of 4 to 
40%. When medium-density or high-density polyethylene is used as the sheath 
component, the hand does tend to become harder, although this poses no problem. 

[0011] 

Illustrative examples of the fiber-forming polyester include homopolyesters and 
copolyesters prepared fi-om an acid component (e.g., aromatic dicarboxylic acids such as 
terephthalic acid, isophthalic acid, phthalic acid and 2,6-naphthalenedicarboxylic acid, or 
esters thereof) and a diol (e.g., ethylene glycol, diethylene glycol, 1 ,4-butanediol, 
neopentyl glycol, cyclohexane-l,4-dimethanol). The polyester may even be a blend. The 
above polyester may include ordinary additives such as stabilizers, colorants, pigments 
and fillers. 

[0012] 

The waterproof, moisture-permeable sheet of the invention is then obtained by 
subsequently using embossing rolls or calendering rolls to heat pressure bond the porous 
polyethylene film with the nonwoven fabric composed of heat-bondable fibers. 

[0013] " 

The constitution of the invention is now described more fiilly. The waterproof, 
moisture-permeable sheet is obtained by heat pressure bonding, and thereby laminating, 
the porous polyethylene fikn witbthe nonwoven fabric made of heat-bondable fibers. To 
increase the porosity of the porous polyethylene film which has been produced by the 
known process described above, the film is generally biaxially oriented, either 
simultaneously or consecutively. Simultaneous biaxial orientation is preferably carried 
out at a stretch ratio of 1 .2 to 9 in the machine direction and a stretch ratio 1.2 to 9 in the 
transverse direction, and at an orientation temperature 5 to 60°C lower than the melting 
point of the polyethylene. A difference with the melting point of less than S^^C tends to 
result in film failure firom melting during orientation, whereas an orientation temperature 
more than 60°C lower than the melting point of the polyethylene results in uneven 
orientation. Consecutive biaxial orientation is generally carried out by first stretching the 
fihn in the machine direction with rolls, then stretching the film in the width direction on 
a tenter fi-ame. The stretch ratio in this case is preferably 3 to 9 in the machine direction 
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and 3 to 9 in the transverse direction. The temperature during orientation in the machine 
direction is preferably 60 to 120°C, and the temperature during orientation in the 
transverse direction is preferably at least 5°C higher than that during orientation in the 
machine direction. Too small a temperature difference tends to result in fihn rupture 
during orientation. Film oriented in the above manner will have a porosity of at least 
30%. 

[0014] 

The nonwoven fabric made of heat-bondable fibers that is used as the reinforcing 
base in the inventive sheet is obtained by melt extruding linear low-density polyethylene 
as the sheath component and fiber-forming polyester as the core component at respective 
melt-spinning temperatures of 220 to 280°C (sheath component) and 275 to 290®C (core 
component), drawing off the fibers to a single filament size of not more than 5 deniers 
with an air sucker and depositing them on a moving metal-mesh belt so as to form a web. 
The web is then subjected to partial heat pressure bonding with embossing rolls having a 
pressure bonding surface area ratio of 4 to 40% and at a temperature 5 to 30°C lower than 
the melting point of the polyethylene making up the sheath component. The fibers may 
have any cross-sectional shape, including one that is circular, multi-lobed, or even of 
hollow cross-section. 

[0015] 

When a fiber-forming polyester is used as the core component in the heat- 
bondable fibers, the fact that the polyester is also dyeable allows the inventive sheet to be 
employed in a broad range of applications, including apparel and packaging materials. 
The combination of the porous polyethylene film with, as the reinforcing base, a 
nonwoven fabric made of heat-bondable fibers may be in a laminar or sandwich-like 
arrangement. Heat pressure bonding of the fihn with the nonwoven fabric is generally 
carried out using embossed rolls or calender rolls. Heat pressure bonding with embossed 
rolls is preferably carried out by partial pressure bonding at a pressure bonding surface 
area ratio of at least 4%. At less than 4%, the resulting bond strength is inadequate. Heat 
pressure, bonding with calender rolls results in full-surface heat pressure bonding. 

[0016] 

The pressure bonding temperature during heat pressure bonding in either of these 
cases is preferably 5 to 30*^0 lower than the melting point of the polyethylene making up 
the sheath component in the heat-bondable fibers. If a pressure bonding step is used, it is 
preferably carried out under the application of a certain degree of pressure. 

[0017] 

In the waterproof, moisture-permeable sheet thus obtained, the porous 
polyethylene film firmly pressure bonds with the linear low-density polyethylene in the 
sheath component of the nonwoven fabric made of heat-bondable fibers, giving a sheet 
endowed with both the excellent moisture permeability and water resistance of the porous 
polyethylene film and also the excellent strength of the nonwoven fabric made of heat- 
bondable fibers. Lamination dramatically increases the tear strength as well. 
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[0018] 

Principle of Operation: 

When a porous polyethylene film is heat pressure bonded with a nonwoven fabric 
made of heat-bondable fibers in which the sheath component is polyethylene in 
accordance with in the present invention, because the film and the surface of the heat- 
bondable fibers are made of the same component, adhesion is good and strength can be 
maintained within the core component of the heat-bondable fibers. As a result, there can 
be obtained a waterproof, moisture-permeable sheet endowed with the excellent moisture 
permeability and water resistance of the porous polyethylene film and with the excellent 
strength of the nonwoven fabric. 

[0019] 
Examples 

The invention is illustrated more fully in the examples given below. The 
following methods were used to measure the physical properties in the examples. 

(1) Thickness of Porous Film: 

Measured with a micrometer, 

(2) Tensile Strength of Porous Film: 

Measured in accordance with ASTM D-882 using an Intesco* universal tensile 

tester. 
[0020] 

(3) Porosity of Porous Film: 

The following formula was used to determine the porosity. 

Porosity (%) = (1 - fihn density/bulk density) x 100 
Here, "bulk density" refers to the density of the unstretched film. The film density was 
measured in accordance with ASTM D-792. 

[0021] . 

(4) Pore Size in Porous Film: 

Measured fi-om surface photographs taken using a Hitachi S-4000 field emission 
scanning electron microscope. 

(5) Tensile Strength of Sheet: 

The maximum tensile strength was measured with an Intesco universal tensile 
tester using test specimens having a width of 50 mm and a length of 100 mm, in 
accordance with the strip method described in JIS L-1096. 

(6) Tear Strength of Sheet: 

Measured using an Intesco universal tensile tester in accordance with the 
Elmendorf method described in JIS L-73 1 1 . 



* Translator's Note: Spelling is unconfirmed. Rendered phonetically here and below as "Intesco." 
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(7) Peel Strength of Sheet: 

Measured with an Intesco universal tensile tester using test specimens having a 
width of 25 mm and a length of 15 cm, in accordance with the method described in JIS L- 
1066. 

(8) Moisture Absorption: 

Measured in accordance with the calcium chloride method (method A-1) 
described in JIS L-1066. 

(9) Water Resistance: 

Measured in accordance with method A (low water pressure method) described in 
JIS L-1092. 

(10) Air Permeability: 

Measured using a Frazier tester in accordance with the method described in JIS 

1096. 
[0022] 

Working Example 1 

A biaxial extruder (PCM-45, made by Ikegai Corporation) was used to mix 40 wt 
% of calciima carbonate into polyethylene (made by Mitsui Petrochemical Industries, Ltd. 
under the trade name HI-ZEX 5000SF; melt index, 0.7) at 200°C and form the mixture 
into pellets. The pellets were formed into an imstretched film on a fihn-forming machine 
equipped with a T-die. The resulting unstretched fihn was subjected to simultaneous 
biaxial stretching at a stretch rate of 3,000%/min, a stretching temperature of 100°C, and 
stretch ratios of 3 in each direction (3x3), yielding a porous polyethylene film. This 
porous film was sandwiched between sheets of nonwoven fabric composed of heat- 
bondable fibers (Eleves, made by Unitika, Ltd.; sheath component, polyethylene; core 
component, polyethylene terephthalate; sheath-core weight ratio, 50:50; basis weight, 15 
g/m ; thickness, 91 ^im; pressure bonding surface area ratio, 11%), following which the 
assembly was heat pressure bonded using an embossed roll apparatus at a temperature of 
100*^C, a linear pressure of 25 kg/cm, and a pressure bonding surface area ratio of 12%. 
This gave a waterproof, moisture-permeable sheet. 

[0023] 

Working Example 2 

The porous polyethylene film obtained in Working Example 1 was heat pressure 
bonded with the non-woven fabric composed of heat-bondable fibers used in Working 
Example 1 in a two-layer arrangement under the conditions indicated in Working 
Example 1 . 

[0024] 

Working Example 3 

The porous polyethylene film obtained in Working Example 1 and the nonwoven 
fabric made of heat-bondable fibers used in Working Example 1 were placed in the same 
sandwich arrangement as in Working Example 1 , and heat pressure bonded using a 
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calender roll apparatus at a temperature of 100°C and a linear pressure of 100 kg/cm to 
form a waterproof, moisture-permeable sheet. 

[0025] 

Working Example 4 

A porous polyethylene film made by Kojin KK under the trade name Kojin TSF- 
EU (basis weight, 30 g/m ; moisture permeability, 6,000 g/m /day; water resistance, 700 
mmH20; air permeability, 0.1 cc/cm /sec) was sandwiched between sheets of the same 
nonwoven fabric made of heat-bondable fibers as in Working Example 1 (Eleves made 
by Unitika, Ltd.; basis weight, 15 g/m ; thickness, 91 ^m), and heat pressure bonding was 
carried out using an embossed roll apparatus at a temperature of 100°C, a linear pressure 
of 25 kg/cm, and a pressure bonding surface area ratio of 12% to form a waterproof, 
moisture-permeable sheet. 

[0026] 

Comparative Example 1 

The porous polyethylene film obtained in Working Exiample 1 was sandwiched 
between two sheets of nonwoven fabric made of polyethylene fibers (basis weight, 15 
g/m^) and heat pressure bonding was carried out under the conditions in Working 
Example 1, giving a waterproof, moisture-permeable sheet. 

[0027] 

Comparative Example 2 

The porous polyethylene film obtained in Working Example 1 was sandwiched 
between two sheets of polypropylene nonwoven fabric (basis weight, 15 g/m^) and heat 
pressure bonding was carried out under the conditions in Working Example 1 , giving a 
waterproof, moisture-permeable sheet. 

[0028] 

Comparative Example 3 

The porous polyethylene film obtained in Working Example 1 was sandwiched 
between two sheets of polypropylene nonwoven fabric (basis weight, 15 g/m^; thickness, 
90 ^m) and heat pressure bonding was carried out using a calender roll apparatus under 
the conditions in Working Example 3 to form a waterproof, moisture-permeable sheet. 

[0029] 

Comparative Example 4 

The porous polyethylene film obtained in Working Example 1 was sandwiched 
between two sheets of polypropylene nonwoven fabric (basis weight, 15 g/m^, thickness, 
90 |im) and heat pressure bonding was carried out using a calender roll apparatus at a 
temperature of 120°C and a linear pressure of 100 kg/cm, giving a waterproof, moisture- 
permeable sheet. 
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[0030] 

Reference Example 1 

The porous polyethylene film obtained in Working Example 1 was used as 
Reference Example 1 . Table 1 gives the basis weight, tensile strength, tear strength, 
moisture permeability, air permeability and water resistance for the products in Working 
Examples 1 to 4, Comparative Example 1 and Reference Example 1 , table 2 gives the 
tear strengths for the products obtained in Working Examples 1 and 3, and in 
Comparative Examples 2 to 4. 



[0031] 

Table 1 





Basis 
weight 
(g/m') 


Tensile 
strength 
(kgf75 cm) 


Tear 
strength 
(kgf) 


Moisture 
pemeability 
(g/m /day) 


Air 
permeability 
(cc/cm/s) 


Water 
resistance 
(niinH20) 


Working Example 1 


48 


12/11 


1.7/1.5 


10,280 


0.2 


1,270 


Working Example 2 


36 


11/10 


1.4/1.4 


11,260 


0.3 


1,220 


Working Example 3 


46 


12/9 


1.6/1.6 


8,500 


0.1 


1,460 


Working Example 4 


64 


23/9 


1.0/1.3 


7,050 


0.1 


1,630 


Comparative Example 1 


32 


4/4 


0.6/0.7 


10,650 


0.3 


350 


Reference Example 1 


20 


2/2 


0.2/0.2 


11,000 


0.2 


1,000 



[0032] 

Table 2 





Heat pressure 
bonding method 


Heat pressure 

bonding 
temperature 

CC) 


Peel 
strength 

(gO 


Working Example 1 


embossed rolls 


100 


800 


Working Example 3 


calender rolls 


100 


1,000 


Comparative Example 2 


embossed rolls 


100 


0 


Comparative Example 3 


calender rolls 


100 


50 


Comparative Example 4 


calender rolls 


120 


80 



[0033] 

As is apparent from Table 1, the waterproof moisture-resistant sheets obtained in 
Working Examples 1 to 4 had much better tensile and tear strengths than the porous 
polyethylene fihn of Reference Example 1, and also retained the excellent water 
resistance of the porous fihn. The waterproof moisture-resistant sheet of Comparative 
Example 1, unlike in Working Examples 1 to 4, did not exhibit sufficient improvement in 
the tensile and tear strength, and thus exhibited problems during use. 

[0034] 

As shown in Table 2, the waterproof moisture-resistant sheets of Working 
Examples 1 and 3 had sufficient peel strengths. However, the waterproof moisture- 
resistant sheets of Comparative Examples 2 to 4 had a low peel strength and the other 
physical properties were difficult to assess. 
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[0035] 

Advantages of the Invention: 

The waterproof moisture-resistant sheet of the invention is obtained by pressure 
bonding a porous polyethylene film with a nonwoven fabric made of heat-bondable fibers 
with substantially no loss in the moisture resistance of the porous fibn. Moreover, 
because the porous polyethylene film is bonded with sufficient bond strength to the 
nonwoven fabric composed of heat-bondable fibers as a porous base, the overall sheet has 
a good tensile strength and a good tear strength. These attributes make the waterproof, 
moisture-permeable sheet of the invention easy to handle, enabling it to be used even as 
construction materials such as house wrap. 



Translation: Language Services 

F. Metreaud 
January 28, 2003 
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